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分别是57.3%和58.1%，由此计算得到的碳元素裂解释放量范围是0-5.66 μg C 
L-1d-1，这一结果表明深海病毒裂解作用在全球海洋碳循环中具有潜在的重要意
义。 













































Studies over the past two decades have shown that viruses are the most abundant 
biological entities in the ocean with an estimated value of 4 × 1030 viruses. Viruses 
can influence host mortality, nutrients recycling, microbial diversity and community 
structure mainly through lytic and lysogenic infection and become activist of marine 
microbial communities. Yet ecological characteristics of virioplankton and its effects 
on bacterioplankton community in the deep sea are unknown to date. In order to have 
a better understanding of the ecological and biogeochemical significance of viruses in 
the western Pacific Ocean, we surveyed the viral abundance and the lytic viral 
production in the western Pacific Ocean. We also investigated the viral effects on 
bacterial abundance and community structure in the deep western Pacific Ocean. The 
main conclusions include: 
(1) In the western Pacific Ocean, lytic viral production decreased significantly 
with the increasing depth. Rates of virus production at 1000 m and 2000 m depth were 
6.38×108 L-1d-1 and 4.67×108 L-1d-1, respectively (median) and were only 8% and 6% 
of value for surface, respectivley. However, the percentage of cells lysed by virus at 
1000 m and 2000 m were 57.3% and 58.1%, respectively. The range of carbon 
released by lysis was 0 to 5.66 μg C L-1d-1 in the deep western Pacific Ocean. Our 
results suggested that viral lysis in the deep ocean might have a significant impact on 
the mortality of bacteria and, subsequently, the carbon cycling in the ocean. 
(2) The bacterioplankton in 3000 m deep-sea water in the western Pacific Ocean 
were manipulated with in situ virioplankton to develop +virus and -virus treatments. 
The responses of bacterial abundance, diversity and community structure were 
tracked during a two-week incubation. Flow cytometry results showed that deep-sea 
viruses had significant repressing effects (3.1-3.6 times) on bacterial abundance. The 
variation of DOC concentration during incubation indicated that viruses had strong 
effect on carbon cycling in the incubation systems. The changes of bacterial 















polymorphism (T-RFLP) and pyrosequencing analysis, suggested that bacterial 
species compositions were regulated by viruses. Comparing +virus treatments with 
-virus treatments, we concluded that viruses could repress the dominant specises (e.g., 
Proteobacteria) and sustained relatively high community diversity. Simultaneously, 
we observed the spatial variation of viral influences between two sampling sites. Our 
study suggested that viruses and bacterial community had close dynamic interactions 
and related more closely to biological factors than chemical factors. 
 
































第一章  绪论 
1.1 海洋浮游病毒 




al.，1988；Proctor et al.，1988；Bergh et al.，1989；Proctor & Fuhrman，1990；






命有机体，海洋中大约含有 1030 病毒颗粒（virus-like particles，VLP）（Suttle，
2007）。表层海水中浮游病毒丰度能达到 107 particles/mL，是细菌丰度的 5-25
倍（Fuhrman，1999）。病毒丰度会随着海区营养状况以及海水深度的变化发生
变化，由富营养的近岸海水到营养贫乏的开阔大洋海区，病毒丰度会减少一个数
量级，另外，深海中病毒颗粒的丰度约为 3×106 particles/mL（Guixa-Boixereu et al.，
2002；Ortmann & Suttle，2005）。虽然海洋病毒的丰度可达海洋全部生命体的
90%以上，但由于病毒颗粒十分微小，海洋中浮游病毒的生物量次于原核生物，


















图 1.1 海洋中原核生物、原生生物和病毒的生物量及丰度（Suttle，2007） 
Fig. 1.1 Relative biomass and abundances of prokaryotes, protists and viruses in 







物质都是双链的 DNA（dsDNA）。但最新的研究表明海洋中的单链 DNA 病毒及

































图 1.2 海洋浮游噬菌体的三个科 a：肌尾病毒科；b：短尾病毒科；c：长尾病
毒科 比例尺：50 nm（Suttle，2005） 
Fig. 1.2 The three families of tailed dsDNA viruses (phages) that infect 
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